Background: To be consistent with the United Nations' sustainable development goals on gender equality, mobile health (mHealth) programmes should aim to use communications technology to promote the empowerment of women. We conducted a pre-trial analysis of data from the WelTel Retain study on retention in HIV care to assess gender-based differences in phone access, phone sharing and concerns about receiving text messages from a healthcare provider. Methods: Between April 2013-June 2015, HIV-positive adults were screened for trial participation at two clinics in urban slums in Nairobi, Kenya. Proportions of men and women excluded from the trial due to phone-related criteria were compared using a chi-square test. Gender-based differences in phone sharing patterns and concerns among trial participants were similarly compared. Results: Of 1068 individuals screened, there was no difference in the proportion of men (n ¼ 39/378, 10.3%) and women (n ¼ 71/690, 10.3%) excluded because of phone-related criteria (p-value ¼ 0.989). Among those who shared their phone, women (n ¼ 52/108, 48.1%) were more likely than men (n ¼ 6/60, 10.0%) to share with other non-household and household members (p < 0.001). Few participants had concerns about receiving text messages from their healthcare provider; those with concerns were all women (n ¼ 6/700). Discussion: In this study, men and women were equally able to participate in a trial of an mHealth intervention. Equitable access in these urban slums may indicate the 'gender digital divide' is narrowing in some settings; however, gender-specific phone sharing patterns and concerns regarding privacy must be fully considered in the development and scale-up of mHealth programmes.
Introduction

Background and rationale
Sub-Saharan Africa is the world's fastest growing mobile phone market, forecasted to grow from 635 million mobile subscriptions at the end of 2014 to 930 million by the end of 2019. 1 Access to mobile communications technology has had profound social, political and economic repercussions for hundreds of millions of people in places that previously lacked landline infrastructure. Kenya has been at the forefront of this mobile phone revolution, with one of the highest rates of mobile phone penetration in Africa and a global leadership role in mobile banking. Mobile phones are also transforming health care. Mobile health (mHealth), the delivery of healthcare via mobile communication devices, 2 is expected to be one of the largest growth sectors in healthcare over the next six years. 3 Most mHealth research and implementation in resource-limited settings has focussed on text-messaging interventions in the context of human immunodeficiency virus (HIV) care. 4 In sub-Saharan Africa, HIV disproportionately affects women, whose situation may be compounded by gender-related barriers in access to HIV care, including economic vulnerability and inequality, restricted mobility, child-care responsibilities and fear of violence. 5 Women in resource-limited settings also have differential access to technology, known as the 'gender digital divide'. 6 Women in sub-Saharan Africa are 13% less likely to own a mobile phone and have differential patterns of mobile phone use compared to men, 7 such as mobile Internet use. 8 Despite the explosive growth of mHealth and the well-known 'gender gap' in mobile phone ownership and use, few studies have examined gender as it relates to mHealth. 9 To be consistent with the United Nations' new sustainable development goals on gender equality, mHealth programmes should aim to enhance the use of communications technology to promote the empowerment of women. 10 Collection of gender-disaggregated data is critical to determine equity in access and barriers to uptake of mHealth interventions and ensure that women are not further marginalised from care. In this study, we examined baseline data from an ongoing trial of a textmessaging intervention to improve retention in early HIV care. 11 Our objectives were to determine whether disparities in mobile phone access affected the ability to participate in an mHealth trial, and whether there were gender-based differences in shared phone use and participants' concerns about text-messaging with their healthcare provider.
Methods
Study design
This cross-sectional study used baseline data collected for a randomised controlled trial evaluating the effectiveness of a text-messaging intervention to improve retention in early HIV care (WelTel Retain). 11 Adults testing positive for HIV at two comprehensive care clinics in Nairobi, Kenya were assessed for trial eligibility, including mobile phone access.
Study setting and participants
Between April 2013-June 2015, participants were recruited from the Kibera Community Health Centre (KCHC), an Amref Health Africa clinic located in an informal urban settlement with limited access to services including education, water and sanitation. At this comprehensive care clinic, there are no direct patient costs for HIV/acquired immune deficiency syndrome (AIDS) care and treatment. In March 2014, recruitment began at a second comprehensive care clinic, the Baba Dogo Health Centre, operated by Partners for Health and Development in Africa (University of Manitoba and the University of Nairobi). The Baba Dogo Health Centre is located in an informal settlement in Nairobi's Eastlands area.
Patients were eligible to participate in the study if they were 18 years old or older, HIV-positive, had access to a mobile phone (including shared access), and could communicate by text-messaging or have somebody textmessage on their behalf. Patients previously assessed for antiretroviral (ART) eligibility, with prior ART exposure or on ART were excluded. Women known to be pregnant at the time of enrolment were also excluded because of their differing incentive to remain in contact with the clinic, compared with a non-pregnant population. Full details of the WelTel Retain study protocol have been published previously. 11
The WelTel intervention
The WelTel intervention is based on a model of patienthealthcare provider mobile phone communication used in the original WelTel Kenya1 trial. 12, 13 Participants randomised to the intervention arm are registered to receive the WelTel mHealth intervention for 12 months, where every Monday morning, customised computer software sends the text message 'Mambo?' (KiSwahili for 'How are you?') to patients to inquire about their status. Patients are instructed to respond within 48 h either that they were doing well ('Sawa') or had a problem ('Shida'). The clinician then calls participants to provide assistance to those who indicate a problem or fail to respond.
Outcomes
Exclusions based on phone-related criteria. Screened participants were considered excluded from participating in the trial because of criteria relating to phone use and access if they: (a) did not own or have regular access to a cell phone; or (b) could not operate a phone using simple text messaging or have someone who could text message on their behalf. Shared phone use. If participants owned a cell phone, they were asked who, if anyone, shared access to their phone. If participants did not own a phone, but had regular access to a phone, they were asked whose phone they had regular access to, and whether that individual knew their HIV status.
Concerns about receiving text messages from a healthcare provider. Participants were asked whether they would have any concerns about receiving text messages from a healthcare provider, and if so, to specify their concerns.
Data sources and measurement
At the time of study enrolment, research nurses collected data on participants' gender. Gender was defined as 'female' or 'male' and based on self-report. Data on how many patients were excluded from participating in the trial because of mobile phone-related criteria were collected using a screening tool. Additional study data were collected using an interviewer-administered questionnaire.
Sample size
A total of 1068 patients were screened for participation in the WelTel Retain trial and contributed to this analysis. The 700 participants eligible for the trial contributed additional data on phone sharing and concerns regarding receiving text messages from a healthcare provider.
Ethics
The original study protocol was approved by the University of British Columbia Clinical Ethics Review Board and Amref Health Africa's Ethics and Scientific Review Committee.
Statistical analyses
We conducted descriptive analyses of the study population, including reasons for trial exclusion, phone ownership and access, and participants' concerns. A chisquared test was used to determine whether the proportion of males and females excluded from trial on the basis of phone-related criteria differed, and to examine genderbased differences in the additional outcomes. In cases where the total value of the table was less than 40 and an expected value was less than five, a Fisher's exact test was used. All p-values are two-sided. Analyses were performed using Stata version 12 (Statacorp, College Station, Texas, USA).
Results
Study population
Between April 2013-June 2015, 1068 individuals were screened for trial participation (Figure 1) ; 690 (64.6%) of whom were female. The median age of those screened was 31 years (interquartile range 26-39 years). Less than 3% of those screened who were eligible for the trial declined participating, and there was no statistically significant difference in the proportions of men (n ¼ 10/378; 2.6%) and women (n ¼ 13/690; 1.9%) who declined participation (p ¼ 0.412). Of the 700 participants who enrolled in the trial, 59.9% (419/700) were female. Unwilling to provide consent 1 provides baseline demographic and clinical information disaggregated by gender for the trial participants.
Gender and mobile phone-based inclusion criteria
Overall, 90% (n ¼ 958/1068) of potential participants screened had access to a mobile phone and text-messaging capability. The proportions of potential participants who did not fulfil mobile phone-related eligibility criteria are shown in Table 2 . Men and women were equally likely to be excluded from participating in the trial because they did not meet the study's phone-related criteria (39/378 (10.3%) of men and 71/690 (10.3%) of women; p-value ¼ 0.989).
Gender-based comparison of phone sharing
Of participants enrolled in the trial, 94.7% (n ¼ 663/700) owned a mobile phone. Mobile phone ownership was not markedly different between men and women: 94.0% (n ¼ 394/419) of women owned a mobile phone compared to 95.7% (269/281) of men (p-value ¼ 0.326). Among those who owned a phone, men and women were similarly likely to share access to their phone with someone else (Table 3) ; however, the people with whom they shared access to their phone varied. Men most frequently shared access to their phone with their partner (56/60; 93.3%), but few shared their phone with other household or non-household members. Women also frequently shared their phone with their partner (65/108; 60.2%); however, a greater proportion of women versus men shared their phone with other household and non-household members.
Of the small proportion of men and women who did not own a cell phone, but had regular access to a cell phone, men and women most frequently reported regular access to their partner's phone (n ¼ 12/25 women and n ¼ 6/12 men regularly accessed their partner's phone; Table 3 ). There were no significant differences between men and women as to whose phone they regularly had access to, and whether they had disclosed their HIV status to that person.
Communication via mobile phone with a healthcare provider
Of the participants enrolled in the trial, few had previously communicated with their healthcare provider by cell phone (n ¼ 38/700; 5.4%), and most did not express a preference between receiving voice calls or text messages. There were no gender differences in either of these outcomes. Most participants did not have any concerns about receiving text messages from their healthcare provider. Only six participants (6/700; 0.9%), all women, responded that they had concerns ( Table 3 ). Half of these concerns related to fear of HIV status disclosure (n ¼ 3); one stated a preference for voice calls over text-messaging; one was concerned she would not know which healthcare provider had sent the message; and the other was concerned about receiving 'bad news' via text message.
Discussion
Key results
The gender gap in mobile phone ownership is narrowing in Kenya (7%); however, it has been found to be much higher among poorer households (16%). 7 Therefore, we had expected that the 'gender digital divide' would translate into gender differences in the ability to enrol in a trial of a mobile health intervention that required phone ownership or access. Instead, we found that 90% of those screened met phone-related inclusion criteria, and there was no difference in the proportion of men and women excluded based on these criteria. Our results are especially surprising given the urban slum setting, in which greater economic and educational gender disparities persist. 14 Even in the informal economy prevalent in slum settings, women are disproportionately concentrated in lower income segments, creating a gender gap in income and other work-related benefits. 15 Equally high levels of phone access and the ability to text-message among both genders is promising for mHealth programmes in the scale-up phase, and others who seek to improve the delivery of HIV healthcare services through mobile communication. Increasing urbanisation, with the slum growth rate exceeding the overall urban rate, 16 together with the greater health challenges faced by slum residents, makes finding additional opportunities to enhance health care in these settings of particular importance. Less than 3% of those who were eligible to participate in the trial declined to give consent, and there was no difference in the proportions of male and female enrolment, indicating that, overall, people had few concerns regarding participating in an mHealth trial. While few of those enrolled in the trial had concerns regarding receiving text messages from their healthcare provider, those with concerns were all women. The WelTel mHealth intervention the participants were to receive did not contain language relating to HIV; however, concerns over the fear of HIV status disclosure must be seriously considered, and strategies to protect participant confidentiality are of paramount importance. This is especially pertinent given that the quarter of participants who were using someone else's phone to potentially receive the service had not yet disclosed their HIV status to that person. With proper consideration, allowing those to participate who do not own a phone, but have shared phone access, can effectively increase the reach of mHealth interventions.
Mitigating gender-specific concerns should be considered in light of differing phone sharing patterns between men and women. While men and women were equally likely to share access to their phone with another person, women were more likely to share their phone with other household and non-household members than were men, potentially leading to a differential risk of privacy breach. Implementers involved in the scale-up of evidence-based mHealth interventions should consider the implications of gender-specific phone-sharing behaviour when rolling out their programme.
Limitations of the study
While the results of our study indicate that the 'gender digital divide' might be closing, at least at the two clinics involved in this study, our results might not be generalisable to other settings. The barriers to health services access and phone access may be similar, and women attending the clinics may differ from women who were not able to reach the clinic. Furthermore, Kenya is one of the sub-Saharan countries with the highest mobile penetration rate: the gender digital divide may be more pronounced in other sub-Saharan African countries with lower mobile phone ownership, or in rural settings. Nevertheless, there are limited gender-disaggregated data from the region, most of which indicate gender disparities in access and use. Therefore, our results provide an important indication that things may be changing, particularly given that they arose from a very low-income context. A second limitation is the descriptive nature of the study. To delve deeper into gender-specific phonesharing behaviour and concerns about receiving text messages as part of HIV care, a qualitative investigation is required. A greater understanding of these issues may allow implementers the opportunity to address the 'gender gap' more thoroughly when planning mHealth programmes for HIV care.
Comparison with other studies
Gender-disaggregated data on phone ownership and use from resource-limited settings is scarce. Of the policy papers 17, 18 and research studies published, 19 males were more likely to own a mobile phone than females. The Wesolowski et al. study in Kenya indicated that women were also more likely to share somebody else's phone, which is consistent with the decreased need for phone sharing as ownership increases. 20 Programme implementers ought to bear in mind the risk that mHealth may exacerbate gender inequalities, as was the case in a pilot study aimed to increase HIV knowledge in Uganda, 21 in which men were twice as likely to respond as women, or in the Congo, where the target population of a family planning service was women, yet over 80% of callers were men. 22 Although the authors of the Congolese study were unsure as to why men were the primary users of the service, they believed it was because men were more likely to own a cell phone and have greater exposure to mass media. 22 Although we do not yet have gender-specific data on the use of the intervention in this specific trial, it is promising that in this very low-income environment, men and women were equally able to meet the phone-related criteria to enable them to participate. Previous studies of the WelTel intervention in a population of HIV-positive individuals initiating ART showed that women were as likely to engage in the intervention as men, with similar response rates to the messages and requests for additional clinician contact. 23 
Conclusions
At two clinics in low-income informal settlements in Nairobi, Kenya, men and women were equally able to participate in a trial of an mHealth intervention that required phone access. Equitable access in these slum settings is promising in light of the United Nations' new sustainable development goals on gender equality that stipulate that mHealth programmes should aim to enhance the use of communications technology to promote the empowerment of women. While opportunities to improve health care delivery through the use of mobile phones may be expanding, gender-specific phone sharing patterns and concerns regarding privacy must be fully considered in the development and scale-up of mHealth interventions.
